Physiological responses to alternative flooding and drought stress episodes in two willow (Salix spp.) clones.
76
Quercus robur (Copini et al. 2016) . But nothing is known about the effects of a combination
77
of both stresses on the hydraulic conductivity of willows.
78
The aim of this work is to analyze the responses of two willow clones to drought,
79
flooding and the alternation of these stresses. In a previous work, we identified willow 80 genotypes with contrasting tolerance to flooding (Cerrillo et al. 2013) . We expect that these 81 clones will modify their physiology in different ways to acclimate to drought, flooding and the 82 alternative ocurrence of these stresses.
83
We hypothesize that: 1 -The clones will differ in their tolerance to the alternation of 
114
Drought was induced by watering the plants with 50 ml of water every other day.
115
The 
135
Six repetitions were measured for each clone and treatment.
136
The dry weight of leaves, stems and roots was determined at the end of the 137 experiment, after drying them at 65°C to constant weight. The total leaf area (cm 
140
The water consumption (WC) of the whole plant was estimated as follows: Two days 141 before the end of the experiment, the pots were sealed with a double plastic bag, and
142
weighted. The last day, they were weighted again and the difference in weight gave an 
193
Gas exchange measurements
194
During the flooding periods, there were no significant differences in stomatal 
216
In spite of the similar value of total dry weight in control plants, the dry matter 217 partitioning was different in both clones. Clone B invested more in roots than clone Y, and 218 consequently had a significantly higher RSR (Fig. 3) . Both clones significantly reduced RSR
219
under flooding, applied either in the continuous (Flooding) or cyclic form (F-FC-F). In the 220 other treatments, there were no statistically significant differences in root/shoot ratio 221 compared to control plants.
223
Hydraulic conductivity and xylem anatomy
224
The hydraulic conductivity measured as kh, ks or kl ( treatments, but these differences were statistically significant only in clone Y.
227
The gs / ks ratio (Table 1) 
243
treatments, and did not change in F-FC-D (Fig. 5) .
244
We carried out a PCA analysis to explore the relationship between the variables 245 measured in the different combinations of treatments (Fig. 6 ). For variables measured 
257
From our results, it is clear that flooding is a less stressful situation than drought for 
279

In D, D-FC-D, F-FC-D and D-FC-F treatments, the RSR did not differ significantly
280
compared to field capacity (Fig.3) . This result was similar to the one described previously for
281
Salix gracylistila, where RSR was similar in control and drought-stressed plants (Nakai et al. 
288
The growth measurements closely correlate with total leaf area. Leaf area reduction is 289 a mechanism to diminish the water consumption of the whole plant when the water supply is 
299
( Fig. 1 and 2 ). 
301
303
Drought, flooding and drought followed by flooding caused a significant reduction in
304
vessel size compared to non-stressed plants, but flooding followed by drought did not.
305
The reduction in xylem vessel size and the increase in vessel number are well- 
307
Smaller vessels in general have higher resistance to embolism, increasing drought tolerance. 
336
The clones had contrasting responses to flooding and drought.
337
In a revision evaluating stress tolerance in 806 tree and shrubs species, a negative 
360
.
361
Conclusion
362
Our first hypothesis stated that the clones will differ in their tolerance to the alternation 
